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IN THE CIAIMS s 

1. Flash EEprom system comprising: 
one ?Dr more integrated circuit chips each 
having an arraA of Flash EEprom cells partitioned into 
a plurality of \sectors, each sector addressable for 
erase such thaA all cells therein are erasable 
simultaneously ; 

means for\ selecting a plurality of sectors 
amonig the one or morte chips for erase operation; and 

means for simultaneously performing the erase 
operation on only the "plurality of selected sectors. 



2. A 

including 

read or write operation^ 
enabled by a chip sel€ 
operation is performed 
chip select signal. 




system as in . cJ.aiTn JL, 

chips which have been 
signal, wherein the erase 
ips without regard to the 



3. A Flash EEprom ^system as in claim 1, 

wherein the erase operation may be performed on the 

plurality of sector selected forVrase operation , while 

\ 

read,, write or other operations may be performed on any 
other, device not selected for eras\ operation. 



4 . The Flash EEprom system \ccording to claim 
1, further comprising: 

means for individually removing any one or 
combination of sectors from the plurality of selected 
sectors, such that said removed sectors ^re prevented 
from further erase during the erase opera-l^on. 
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5. The Flash EEprom system according to claim 
1/ further comprising: 

means\ for simultaneously deselecting all 

sectors . 

6 . The Flash EEprom system according to claim 
1^ wherein the selecting means further comprises: 

individuajk register associated with each sector 
for holding a status?^ to indicate whether the sector is 
selected or not. 



7 . . The Flash %Eprom system according to claim 
6y wherein -the simultaneously erasing , means is 
responsive to the statub each of the Individual 

reigisters^ such that ot^^ the"^ selected sectors are 
Included in the erasing. 




8. The Flash EEprom system according to claim 
6, wherein any one or combination of the individual 
registers indicating a selected status are individually 
resettable to an im-selected sta-^us. 



9. The Flash EEprom system according to claim 
€^ wherein all the individualV registers are 
simultaneously resettable to a status indicating the 
associated sectors as not selected. 



10. A system for correcting 
defective cells within an array of Flash 
comprising: 

substitute cells; 

means for substituting one or mor&, of 
defective cells with a corresponding nuin^er 
substitute cells. 




errors from 
iprom cells, 



the 
of 
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11. >A sys1:eia for correcting errors from 
defective cellsVithin an array of Flash EEprom cells as 
in claim 10 wherein the substituting means also applies 
automatically to ne^ defective cells as soon as they are 
detected. 

12. A system, for correcting errors from 
defective cells within an^rray of Flash EEprom cells as 
in claim 10, said array, bei^g partitioned into a 
plurality of Flash erasableWittbrs such that all cells 
within each sector are erasable^aft once, wherein the 
substitute cells are in the ^mf^^^ctor as the defective 
cells. 



. 13 . A system for correcting errors from 
defective cells within an array of F^sh EEprom cells as 
in claim 11, further comprising a defect map for storing 
defect pointers which link the addresses of the 
defective cells to that of the corresponding substitute 
cells. 



14. A system for connecting bad^^data in 
defective cells within an array of Flash EEprom \ells as 
in claim JL3, wherein the defect map for said dejrective 
cells are located in the same sector as said def ecti-ve 
cells. \ 
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15. syst:eia for correcting errors from 

defective cells^ within an array of Flash EEprom cells 
as in claim 10 \ said array being partitioned into a 
plurality of Flash erasable sectors such that all cells 

10 within each sectors are erasable at once, wherein the 
substitute cells are^in the same sector as the defective 
cells when the number of defective cells in the sector 
does not exceed a predetermined number, and the 
substitute cells are in a different sector when the 

15 number is exceeded. 



16. A system 
defective cells within an 
as in claim 15, wherein said' 
entirety by a substitute 
exceeded. 




orrecting errors from 
ay ^d^^lash EEprom cells 
is replaced in its 
when said number is 



17. A system for correcting errors from 
defective cells within an array of Fl^h EEprom cells as 
in claim 15 wherein the substituting mefeins also applies 
automatically new defective cells as so^n as they are 
detected . 



18. A system for correcting errcJrs from 
defective cells within an array of Flash EEprom cells as 

correction 



in claim 
codes • 



17, including the use of error 



\ 
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19. system for correcting bad data in 
defective cells^ within an array of Flash EEprom cells, 
comprising: 

substitute cells for storing good data intended 
for the defectiveX cells; 

means foA substituting the bad data in one or 
more of the defective cells with the good data in the 
corresponding substitute cells when the defective cells 
are accessed. 

20. A system for correcting bad data in 
defective cells within an array of Flash EEprom cells as 
in clain 19, further comprising means for automatically 
saving the good data intencied to be written to the 
defective cells to the co'rxesponding substitute cells, 
thereby perserving the injtegrity of the good data. 




21. A system I for correcting bad data in 



defective cells within an array of Flash EEprom cells as 
in claim 20 wherein the substituting means also applies 
automatically to new defective cells^as soon as they are 
detected. 



22. A system for correcting bad data in 
defective cells within an array of Flash EEprom cells as 
in claim 20, said array being partitioned into a 
plurality of Flash erasable sectors such that all cells 
within each sector are erasable at once, and data is 
stored therein, wherein the substituting means^ applies 
after the data including the bad data has been accessed. 
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23. A system for correcting bad data in 
defective cellsV^ithin an array of Flash EEprom cells as 
in claim 20, said array being partitioned into a 
plurality of Flash erasable sectors such that all cells 
within each sectoV are erasable at once^ wherein the 
substitute cells are. in the same sector as the defective 
cells. 



24. A systemX f or correcting bad data in 
defective cells within an array of Flash EEprom cells as 
in claim 20, further comprising/a\ defect map for storing 
defect pointers which linld/ tiae addresses of the 
defective cells to that of thg/^cjrresponding substitute 
cells. 



25. A system for correcting bad data in 

\ 

defective cells within an array of Flash EEprom cells as 

\ 

in claim 24, wherein the defect map for said defective 
cells are located* in the same sector as, said defective 
cells. 



26. A system for correcting bad data in 
defective cells within an array of Flash EEprom cells cis 
in claim 19, said array being partitioned into a 
plurality of Flash erasable sectors such that ^^1 cells 
within each sector are erasable at once, where^ the 
substitute cells are in the same sector as the defective 
cells when the number of defective cells in the sector 
does not exceed a predetermined number, and t^e 
substitute cells are in a different sector when 




number is exceeded. 



tl^ 
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27. A system for correcting bad data in 
defective cells within an array of Flash EEprom cells as 
in claim 26, wher>^in said sector is replaced in its 
entirety by a subs^titute sector when said number is 
exceeded . 



28. A systei^ for correcting bad data in 
defective cells within an array of Flash EEprom cells as 
in claim 26, wherein the^substituting means also applies 

automatically to newly occurring defective cells. 

\ 



29. A system for correcting bad data in 
defective cells within, an array of. Flash EEprom cells as 
in claim 23, including use of error correction codes. 




30. An improved syslSamJfor writing data files 
into a Flash EEprom memory comprising: 

a cache memory for' temporarily storing data 
files intended for the Flash EEprom memory, said cache 
memory able to undergo significantly more write/ ercise 
cycles than the Flash EEprom memory ;\ 

means responsive to a system write to the Flash 
EEprom memory for writing data files^^into the cache 
memory instead of the Flash EEprom memoiy; 

means for identifying each da"t:a file in the 
cache memory; \^ 

means for determining the time since each data 
file was last written; and 



means for first moving data file having the 
longest time since last written from the cache^memory to 
the Flash EEprom memory when additional spaceXfor new 
data files is required in the cache memory, thereby 
substantially reducing the number of actual writes and 
associated stress to the Flash EEprom memory. 



\ 
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31 • ^ The improved system as in claim 30^ 
further compriadLng: 

a backW) non-volatile memory for downloading 
the data files invthe cache memory thereto; and 

means resgonsive to an impending power loss for 
down loading the data files in the cache memory to the 
backup memory^ thereby saving the data files from the 
possibly volatile cache memory. 



\ 



32 • The. imprc^ed system as in claim 30, 
wherein the bac]aip memory^ is part of the Flash EEprom 
memory* 




33. . The improvep^system as in claim 30 , 
wherein the cache memory has\,\a significantly faster 

*"* " "\"^ 

34, The improved systei^ as in claim 30, 
including a controller circuit chip for controlling the 
operations of the Flash EEprom memo^, wherein the 
improved system is part of the controller circuit chip* 




35. The improved system as iris, claim 30, 
including a laicroprocessor system and rand^ access 
memory, wherein the improved system is implemented by 
software in the microprocessor system with random^access 
memory . 



36. \An improved system for writing data files 
into a Flash BCprom memory comprising: 

a cache memory for temporarily storing data 
files intended for the Flash EEprom memory, said cache 
memory able to undergo significantly more write/erase 
cycles than the i\ash EEprom memory; 

means responsive to a system write to the Flash 
EEprom memory for writing data files into the cache 
memory instead of the. Flash EEprom memory; 

a tag memory \for storing the identity of data 
files emd the time each\data file was last written; cuid 

means for first moving data file having the 
longest i:ime since last wr4ttei5| from the cache miemoxy to 
the Flash EEprom memory when additional space for new 
data files is required inVthe^^ache memory, thereby 
substantially reducing the^riumber of actual writes and 
associated stress to the Flash EEprom memory. 

37. . The improved system as in claim 36, 
further comprising: \^ 

a backup non-volatile memory for doimloading 
the data files in the cache memory \thereto ; and 

means xesponsive to an impending power loss for 
down loading the data files in the cache memory to the 
backup memory r thereby saving the data files from the 
possibly volatile cache memory. 

38. The improved system as \in claim 36, 
wherein the backup memory is part of the**^Flash EEprom 
memory. \ 

39. The improved system as in claim 36, 
wherein the cache memory has a significantly faster 
access time than that of the Flash EEprom memo]^. 



\ 
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40. iThe improved system as in claim 36^ 
including a con-Droller circuit chip for controlling the 
operations of tl^ Flash EEprom memoiry, wherein the 
improved system is. part of the controller circuit chip. 

41. The \improved system as in claim 36, 
including a microprbcessor system and random access 
memory, wherein the improved system is implemented by 
software in the microprocessor system with random access 
memory. \ 

42. An. improved\ system for writing data files 
into a Flash EEproia memory.^ com^-^iising: 

a cache memory for /temporarily storing data 
files intended for the FlashJEEprom memory, said cache 
memory able to undergo significantly more write/erase 
cycles than the Flash EEpr^^ miemory; 

means responsive to^a system write to the Flash 



EEprom memory for writing a data^^ file either into the 
Flash EEprom memory or instead into the cache memory, 
10 said responsive means writing to the Flash EEprom when 
the a previous copy of said data fixe is not present in 
the cache memory, and writing to the\ cache memory when 
a previous copy of said data file is present in the 
cache memory; and n 
15 means for first moving data files having the 

longest times since last written from tlie cache memory 
to the Flash EEprom memoiry when additionai\space for new 
data files is required in the cache memory, thereby 
substantially reducing the number of actualK writes and 
20 associated stress to the Flash EEprom memoryV 
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43. improved system as in claim 42, 

further comprisJLng: 

a backup^ non-volatile memory for downloading 

the data files in the cache memory thereto; and 

\ 

means responsive to an impending power loss for 
down loading the data files in the cache memory to the 
backup memory, thereby saving the data files from the 

possibly volatile cache laemoryj 

/I 



44. The improved/^ system as in claim 42, 
wherein- the . backup memory is<pjart of the Flash EEprom 
memory. /j 

45. =T3ie improved Asy stem for writing data files 
into a Flash EEprom memory according to claim 42, 
wherein said responsive means for writing includes a tag 
memory for storing the identity of data files and the 
time each data file was last written, and wherein said 
responsive means writing to the Flash EEprom when said 
data file is not tagged in the tag memory, and writing 
to the cache memory when said data file is tagged in the 
tag memory. 

\ 
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46. ^ An improved system for writing data files 
into a Flash EEprom memory comprising: 

a cache memory for temporarily storing data 
files intended Vor the Flash EEprom memory, said cache 
memory able to undergo significantly more write/erase 
cycles than the F^ash EEprom memory; 

means responsive to a system write to the Flash 
EEprom memory for\writing a data file either into the 
Flash EEprom memory or instead into the cache memory, 
said responsive means writing to the Flash EEprom when 
said data file is last written after the predetermined 
period of time, and writing^ to the cache memory when 
said data file is last^ writ:ten within a predetermined 
period of time; and \^ / | 

means for f irst\ moving^ata files having the 
longest times since last |Vre;itjten from the cache memory 
to the Flash EEprom memoi:y when additional space for new 
data files is requir^^ in V^e cache memory, thereby 
substantially reducing ythe number of actual writes and 

associated stress to tne Flash EEprom memory. 

\ 

\ 

47. The improved system as in claim 46, 
wherein the cache memory has a significantly faster 
access .time- than that of the Flash EEprom memory. 

48. The improved system as in claim 46, 
including a controller circuit chip for controlling the 
operations of the Flash EEprom memory, wherein the 
improved system is part of the controller circuit chip. 

49. The improved system as in claim 46, 
including a microprocessor system and random access 
memory, wherein the improved system is implemented by 
software in the microprocessor system with random access 
memory. ^ 
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50. 5^ improved system for writing data files 
into a Flash EB^rom memory comprising: 

a cach^ memory for temporarily storing data 
files intended for the Flash EEprom memory^ said cache 
memory able to undergo significantly more write/erase 
cycles than the Fla^h EEprom memory; 

a tag memory for storing the identity of data 
files and the, time each data file was last written; 

means responsive to a system write to the Flash 
EEprom memory for writing a data file either into the 
Flash EEprom memory or ^instead into the cache memory, 
said responsive means writing to the Flash EEprom when 
the data file is not identified in the tag memory, and 
writing to the cache memory when the data file is 
identified in the tag memoi^; l^and 

means for moving firsji^the data files having 
the longest times since ^y^^lwritten from the cache 
memory to the Flash EEpron^mem'ojry when ^pidditional space 
for new data files is required in the cache memory, 
thereby substantially reducing\ the number of actual 

writes and associated stress to tlie Flash EEprom memory. 

\ 

\ 

\ 

51. The improved system,, as in claim 50, 
further comprising: \ 

a backup non-volatile memory^^ for downloading 
the data files in the cache memory theireto; and 

means responsive to an impending power loss for 
down loading the data files in the cache \memory to the 
backup memory, thereby saving the data files from the 
possibly volatile cache memory. \^ 

\ 

52. The improved system as in \3laim 50, 
wherein the backup memory is part of the Flash EEprom 
memory. - 



\ 



53 . improved system as in claim 50 , 

wherein the caches, memory has a significantly faster 
access time than that of the Flash EEprom memory. 



54. 



The 



improy^ 
including a controller circu^: 



:em as in claim 50 , 
'cWip for controlling the 



operations of the Flash EEnrom/memory , wherein the 
improved system is part of the>''controller circuit chip. 




55 • The improved system asAJ.n claim 50, 
including a ; microprocessor system and rkndom access 
memory^ wherein the improved system is implemented by 
software in the microprocessor system with rand<m*^access 
memory. 
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56 • fA memory card adapted to plug into a 
computer system \n a manner to communicate with a system 
bus and a standard power supply, comprising the 
following mounted thereon: 

a pluralit^^of EEprom integrated circuit chips, 
each of said chips including: 

a large number of individually addressable 

storage cellsV organized into a plurality of 

sectors, each sector containing a plurality of 

said storage ce^ls, 

a plurality \f /s^are storage cells within 




any of said sectors^ 

means responsive^lso^siVnals on said system bus 
for erasing all cells in one or more designated sectors 
without erasing cells in/>thers\pf said sectors, 

means responsive to signaJLs on said system bras 
for reading the state of addressed^>storage cells, 

means responsive to signals^on said system bus 
for programming addressed storage^ cells to a 
predetermined state, and \^ 

means responsive to an unsuccessful attempt to 
either program or erase a storage cell within one of 
said sectors for substituting one of said spar^ storage 
cells therefore while maintaining operation\of the 
remaining cells of said sector • 
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57. The memory card according to claim 56 
which additionarSLy comprises a cache memory mounted on 
said card, and wWerein said programming means includes 
means for initial ly; programming said cache memory rather 
than said EEprom memory, said reading means includes 
means for initially determining whether the cache memory 
contains data to be read, and said programming means 
additionally includes Vneans responsive to said cache 
memory becoming full foA writing its oldest unused block 
of data into said EEprom^memory, thereby to make room 
for new data in. said cache memory. 




58 ♦ The memory card a^in claim 56, wherein 
each of said chips further incafudes a plurality of spare 
sectors, and wherein saidf s^stituting means also 
substitutes one of said spare sectors for one of said 
sectors when a predeterminea number of cells in said one 
of said sector become defective. 



59. The memory card as in claim 58, including 
means for performing error correction using error 
correction codes* 




60 • The memory card as in claim 56, including 



a controller and an interface connected to >the system 
bus, said controller being adapted to be responsive to 
commands intended for a standard magnetic dis^ drive 
storage system connectable to the computer svstem, 
thereby emulating said disk drive system. ^ 
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61. V The memory card as in claim 56, in which 
various operattLng voltages are required for various 
operations of the EEprom chips, including means for 
generating the various operating voltages from the 
standard power supplj 
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62. A storage sViS^^m|incorporating therein the 
memory card of claim 56, comprising: 

a controller for £.<^mrolling the operation of 



the EEprom chips; 

means for generating vol€^ages for the operation 
of the EEprom chips; | ^^N. 

means for error correction inSthe operation of 
the storage system; and 

means for interfacing the storageSsystem to a 
computer system > ^ • ] 




